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REMARKS 

Claims 1-12 are pending in the instant application. 
Claims 1-12 have been rejected. Claims 1, 2 and 12 have 
been amended. Support for this amendment is provided in the 
specification at page 5, line 32 through page 6, line 16. 
Thus, no new matter is added by this amendment and entry is 
respectfully requested. Reconsideration is respectfully 
requested in light of this amendment and the following 
remarks - 

Rejection of Claims 1-12 under 35 U.S.C. § 103(a) 

Claims 1-3, 6-9 and 12 have been rejected under 35 
U.S.C, § 103 (a) as being unpatentable over Wolowacz et al. 
(WO 95/01810 Al) in view of Chervitz (U.S. Patent 4,917,699) 
has been maintained. 

The rejection of claims 4, 5, 10 and 11 under 35 U-S.C. 
§ 103(a) as being unpatentable over Wolowacz et al. in view 
of Chervitz as applied to claims 2 and 8, and further in 
view of Vacant! {U.S. Patent 5,855,610) has also been 
maintained. 

Applicants respectfully traverse these rejections. 

At the outset, it is respectfully pointed out that 
claims 1, 2 and 4 have been amended further specify that 
that braided scaffold are formed using a 4-step process 
three-dimensional textile braiding technique which uses a 
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track and column method. As none of the cited references 
teach or suggest this claim limitations. Applicants believe 
the claims as amended are nonobvious over the cited art 
references. See MPEP 2143. 

Further, in light of the Examiner's request for a 
comparison of the ^'closest prior art" Wolowacz, teaching 
two-dimensional braids, with the three dimensional braids of 
the instant claimed invention. Applicants are submitting 
herewith a reference by Guidoin et al - (Biomaterials 2000 
21:2461-2474) . This reference describes the failures of 
two-dimensional polymeric fiber-based replacements for ACL 
and textile structure similar to those of Wolowacz. In 
particular. Applicants respectfully direct the Examiner to 
the Abstract of Guidoin et al. which summarizes the entire 
retrospective analysis. Table 1 at page 24 63 of Guidoin et 
al. which provides a description of all the prosthesis they 
examined, results fro the more porous and braided structures 
such as Stryker®, Ligastic®, ABC® and Ligaid® prosthesis 
in Section 3.3.1 at pages 2463-2464 and 2466-2468 and 
Section 3.3.4 at page 2470 and the Discussion at pages 2171- 
2473. 

Clearly teachings of Guidoin establish that the instant 
claimed compound possesses unexpectedly advantageous or 
superior properties over constructs such as taught by 
Wolowacz . 
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Withdrawal of these rejections under 35 U.S-C. § 103(a) 
is therefore respectfully requested. 



Conclus ion 

Applicants believe that the foregoing comprises a full 
and complete response to the Office Action of record. 
Accordingly, favorable reconsideration and subsequent 
allowance of the pending claims is earnestly solicited. 



Date: August 4, 2006 

Licata & Tyrrell P.C. 
66 E. Main Street 
Marlton, New Jersey 08053 



Respectfully submitted, 

■ 1% 



Kathleen A. Tfyr^ell 
Registration 38,>S50 



(856) 810-1515 
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^^"^ . ■ • ».Ha,„n«,tfACLl prostheses was designed to elwidatt 

n,e present titiospective analysis of 117 ^^'^^y^-'^^r'^^^^^S^^^^ ^^"^ 

STt^^^I^ morphology of the damaged ^^'J^J^^^'iS'^^^x^ a variety of healing chan»ct««dcs 



reserved. 

Keyv^: ACL prostheses; lUtrieval study; Histologr. SEM spalysis 



1. Ihtiodacdon 

The anterior crudatc ligament (ACL) J^P"^* 
nart of the knee which maintains the stabihty and the 
Action of the organ. If treated conservatively rupture of 
the ACL may lead to knee instability, osteoarllintis, and 

and heterografts were popular subsUtut^- However the 
risks of surgically transmitted infectious diseases such as 
hepatitis or HIV, the weakening of 
tissue and the amount of tissue avaflable for ACLrecon- 

•Conespondeace address: Laboratory of Experimental SnrfiMy. 
Lav^SS^RPom 1701.Ser^ces Bnfldtog. Qn6be^ QCOmada. 
GIK 7P4. 



structionhaveconvincedorthop^csurgeonsoftheutil- 
%°rth^S r^'S^'iSanies have de^l^ed 

Admin^tration (ETDA) approved ^.^^^Z^^^. 
vice, and by the imd-1970s. the ongmal Kennedy pros 
vice, ana oy "i ^ uitra-high-molecular 

Other prototypes during the 1980s [7]. 
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The introduction of these Ugamentous prostheses gen- 
erated much interest because it offered the benefit of 
qSck recovery and rapid rehabihtation of the knee with- 
StVaScirJ the autogenous tissue [8]. Whde prehmi- 
nSy promise, lo'^:*"^/^ "^V.^J 

dSappointing with success rates ranging between 30 and 
60'/ [9-14]. A number of problems were reported, m- 
duding elongation and rupture of the devj«, synovi^ 
bonrfunnel enlargment, lack of se^bihty. and the 
foiSation of wear debris [15-173. After a number of 
trials, it was finaUy recommended to cease the ;ase of 
these devices [18]. Nowadays, autogenous and allogemc 
tissue, such as the pateUar tendon, seou-tendmous 
don. fesda lata, and the iliotihial band, as weU as tedi- 
niques related to tissue harvesting and nnplantation 
procedures, have contributed to improvmg the success 
rateof ACL repair [19-24]. 

As the use of ligamentous prostheses did not appear to 
solve the problem of ACL rupture, and since the long- 
term results were disappointing, «l'«J'^,t»°V2 
swered is: TOo we still need an artificial substitute to 
or reinforce a broken or torn ACLf If the answer 
is 'Yes', then before beginning new programs for the 
development of an ACL prosthesis, it is important that 
we understand why they fatted. 

The present study was undertaken with the purpose of 
addressing this issue. A large number of synthetic ACL 
grafts which had failed prematurely were retrieved and 
^yzed histologically and morphologically mtii a view 
to identifying the most common mechanisms of chmcal 
failure. 

2. IV^erials and methods 

2.1. ProsOieses 

One hundred and seventeen (117) explanted ACL 
Hgamentous prostheses and augmentation devices were 
harvested at various centers in France and f Canada 
from 1987 to 1996. Fifteen different types of retrieved 
grafts were received at the Quebec Biomataials Insnmte 
deluding 28 Stiyker®. 22 Proflex®. 13 Lygeron* 12 
Kennedy-LAD®, 7 ABC Surgicraft* polyester Cpolyetby- 
S?S.hthala;e)(PEI0.7Ligast«J, 6SEM»^chd 
PHP*. 6 braided PHP* 4 Ugaid* 3 Gore-Tex» and 
2 ABC Surgicraft® PET/carbon devices. One prosthesis 
was not identified. Table 1 Usts the name of the manufac- 
turer, the type of the textile structure and the ^ of 
synthetic fibers used in the construction of each device. 

2.2. Clinical data 

Surgeons participating in the retrieval pro-am were 
asked to complete a data sheet upon explantanon of the 
prosthesis. A summary of each patient" s file was required 



■ to a^neratc a profile of the patient population, 

th^Sl for the origbal -jury to ^^-^2; 
S ^L. identify the type of prosthesis and identify the 
surgical technique used for implantation. 

2.3. Graft harvesting 

S^^hSS^t'^uebec Gty ^orJ^^SfllXo^ 
J^Swch prosthesis was either placed on a hon- 
S t^aient glass plate or mounted on a plastic 
S:~scop— ationusu^aX^^ 

Se":t oTp^oTeS. SrSan^U^e de^ee of 
S^S^tioS. the site of rupture, and the s.^gu;al tecb- 
SSd at implantation wer« observed and m^ordei 
AS<Sdral^wasused to measure the lengdi of ea^ 

i^t and to localize the region where the maxmium 
mechanical damage occurred. 

2.4. Histopatholosfcal study 

Representative specimens from each P^^^tl;"^^^^ 
c«rin sections of approximately 5 mm x 5 mm. Each of 
^IsTs^Sons were postfi^ed in 10% ^o-^^^^^ 
solutions of increasing concentratoon of toluene and 
eSLol and then embedded in paraffin wax^ Five miCTon 
S sSons were stained with hematoxyhn- 
StoxinSafran and Masson's trichrome to visuah^ the 
and collagen synthesis, respec^vdy. 
JS«a^ti°« ^^""^^ ^ evaluabon of van- 
heSparameters. such as the phase and the sever- 
To^TlSatory reaction, the difierent t^^ 

Slmatory cells present, the degree oj^^^^^ 
and penetration of coUagen into the prosthc^cstxjot^^^ 
^d^e severity of any infection if reported by the 
surgeon. 

2.5. Scanmng electron microscopy study 

Further analysis consisted of obser«ng the extent of 
daSSto the textile, structure and idendfymg. where 
S3, the feilure mechanism for eadi ACL i^osth^s- 
The most significantly damaged segment of each pres- 
?4 was of all adhering tissue ^y^^\^ 

5% sodium bicarbonate solution at the bod 5 mm^ 
foEowedbya24himmerdonatropmtcmperature^iW^ 
STwith deionized vrater. they Vvere placed m two 
^ri^baths of 5% sodium hypocblonte bleach soju- 
SSTr 2h. rinsed thoroughly in J^^jt 
SSd. Repre;.entative specimens were removed fromlo- 
cations near the sites of wear and breakage. They were 
SSport-fixed in a 1%. aqueous solution of osmium 
SfroridJSsed in water, dehydrated by mmiersion 
£ a ^ri;s of aqueous solutions of increasmg ethanol 
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Table 1 

Description of the 



prostheses received between 1983 and 



1993* 




• Stry)cer« 
Proflcx* 
Lygeron* 
ICcnnfidy'LAD* 
Surgicraft 
Ligastic* 

SEM» 
Raschel* 
Braided PHF 
ligaid* 
Gore-Tcx* 
ABC* Surgicraft 



Stiyfccr, USA 
Protefc, France 
Orthogroup, France 
3M. USA 
Sorgiccaft, UK 
Orthomed, France 

Sk;ience et MMedne^ Franco 
Cendis Medical, France 
Cendis M&lical. France 
Proth-Aid, France 
WX^Goie and Assodatcfi^ USA 
Surgicraft; UK 



4-6 woven tapes in a tubular shell 
15 concentric tubular braids of 32 yams 
6 ribbons in a woven tube 
Braided narrow ribbons 
24 braided naxrow ribbons wrapped at enri^ 
Rolled tricot knit into a tubular shape with a polyurethane 
shell 

Tw<? concentric tubular braids 
Knitted structure roUed into tubular shape 
Doable concentric tubular braida 
Twisted cords braided wrapped at ends 
24 braids of 3 yams wrapped at ends 
24 braided narrow ribbons wrapped at ends 
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*PET = polyester; 
fluoroethylene. 



PP - polypropylene; UHMWPE 



weight palyc«.ylenc; PAA - polya^rla-iide; KITE = polytctr.- 



concentration and dried with hexametliyldisilazane. 
Samples were finaUy vacuum coated with gold-pallad- 
ium and examined in a JSM 35CF Jeol scamung demon 
microscope (Soquekc. Montreal, QQ. Canada) at 15 kV 
accelerating voltage. 



3. Results 

3.1. Patients and clinical information 

The 117 explants were harvested ftom 74 males, 29 
females and 14 patients of unknown sex. Th6 mean age of 
these patients at the time of impla^tatton was 
25 6 + 6 7 VIS (Fig. 1). Injury to their natural ACL occur- 
red as a result of sports injuries in 87.5% of Ae cases 
(n = 72) (Fig 2). Fig. 3 shows a wide and skewed distnbu- 
tion of the duration of implantation for the vanous 
prostheses. Table 2 also provides evidence of a wide 
divergence of implantation times for those hgamentous 
prostheses made from polyester fibres. 

3.2. Augmentation devices 

Twelve polypropylene Kennedy-LAD* augmentation 
devices were retrieved and evaluated. The mesm age of 
the patients at the time of implantatioii was 23 ± 5 yrs 
(n = 11) and the mean duration of implantation was 
21 5 ± 13.2 months (n = 11). In five cases out of the 12, 
bnly one end had been retrieved and submitted for analy- 
. as. In fact, only one prosthesis was complete, ff^^ 
tion of the medical reports revealed that the Mcintosh 
technique using the semi-tendinous tendon was preferred 
f„ = 4) to the use of fesda-lata, patdlar tendon or the 
qnadriceps when performing the operation. The thidc- 



ness of collagen varied along the length of theprostheses. 
SKSgyfSe healing of the Kemiedy-lAD-augm^^ 
tetion deS was characterized by the d^relopma^t of 
Ttinn collagenoui! capsule with Bmited collagen onffltta- 
IZLZ prosthetic structure, even after more than 
3 ^ of impl^tation. The inflammatory response was 

SEM examination showed that even if the seg- 
ment that had been located in the tibial tumiel was weB 
preserved, fliere was significant yam-on-yarn abrasion at 
KSl end of the explant and at the anchorage site as 
wdl^ yam-on-bone abrasion at the exit to the tunnel 
S SlriS^di^acteristic that indicated abrasion was 
sSaS^eeling of individual fibers. Compress^ fibres 
present Iatrogenic damage was "if <? ob^^^J- 
K was most probably caused by difficulties at harvestmg. 

3.3. Rqiiacement ligaments 

3 3.1. Polyester ligaments . , . ■ , 

•L,kJ> lieantents: The 28 prostheses received at the 
jBq"^ S^ted between 1983 and 1990. Ma<^o- 
S2ic TbseJations showed that 4e over-^h=-t°p 
Sque was used more frequently flian the too^g" 
theWyle approach. In fom: cases. ^^/^^^^^^ 
nique could not be discerned because of Ae «rtent of 
S^age to the devices. Prostheses inserted ^g ^e 
oS-the-top technique were well preserved ^^^^ 
tmmel, but fiber separation, fraying and sigps of abrasion 
Ke'extemal shSl were evident.in the f^^^^^i^ 
icKion Rupture of the prosthesis generally occurred at 
S t^ of the tibial tmmd or in the intra,arUc^ 
ZiTcFig. 4) THe ruptured sites of the through-the.- 
^Sdy^chique wer^locaHzcd ddier at the tibialpla- 
^7or above 5ie condyle. The intra-articular zone was 
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Age 



Ftg. 1. Age distibutioii of flic patients at the tiino of implantalioa. 



frequently distorted and flattened, but no feUnres were 
reported in this area. „ , 

Histological examination of the Stiyker* hgaments 
showed that these prostheses exhibited some dep*^ of 
encapsulation chatacterized by ^^f^^^^Z 
mato^ tissue. CoUagen was observed penetrating 
external knitted shell and, in most case^ Utweeil the 
yams of the internal woven ribbons (Fig. 5). However it 
JLely leached the center of the woven yam bundle, 
which may have contained amorphous protcin-Ute ma- 
terial, but no collagen. The textile structure of the liga- 
ment was generally weU preserved except mthose cases 
where the fibres in the external sheU had become separ- 
ated and frayed as a result of the healing process. A ^ck 

collagenous layer wai observed between the knitted sheU 
and tiie internal wov«a» ribbons, and a duomc foreign 
body inflammatory response with macrophages and gi- 
ant Lns was noticed for all Stryker* expats Nosevere 
inflammatory reaction was observed, and no direct cor- 
rdaiion could be fouiid between the extent of tissue 
ingrowth and the duration of implantation. 

^e S£M examination demonstrated that the fiber 
wearmorphology of the external and the^intemal p^ of 
this polyMter ligament was similar. There was evidence 
of surface peeling as a result of yam-on-yam and yam- 
on-bone abrasion. In the woven ribbons, axial spUtting of 



the fibers was observed, suggesting 
S^t^e^t^SiSSi^^^arS^^"^^ 

SUttechnique. t-rJS'^eT^; ^S^tTop 

the intra-articidar zone T^trieved Proflex® 

TCstoloeical observations of the retneveo 
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Gaiises 

Fig. Z Canaea of mpturo for the natural ACL. 



braided structure. The infiltration of collagen into the 
external layers of the Proflex* ligament caused a loss of 
strurtoral integrity as the braided polyestCTyanis bt^ 
unraveUed and separated into individual fibers withm the 
tissue capsule. A chronic inflammatory reactton was ob- 
sefved and found to be similar to that of the Stryker® 
prosthesis. Again, no correlation was seen between the 
degree of healing and the duration of implantation. 

The prdsence of damaged fibers with bushy ends in Ac 
central break zone of the prostheses was observed under 
SEM Many fibers with surface peeling were observed on 
the outer shell and on the ribbons. This fiber wear mor- 
phology was attributed to yam-on-yam and yam-on- 
bone abrasion. There was also some evidence of flexural 
and rotational fatigue as axial splitting was observed on 
many specimens (i=ig. 9). These signs of damage wrae 
comnon to all prostheses and did not appear to be 
localiiKd in only one location. There was no evidence of 
abrasion between the ribbons and the outer shelL 

Lygerorfl ligament: The preferred technique for the 
implantation of this ligament was the over-the-top teij- 
nique. The ruptured prostheses were characterized by 
multiple breaks; thus, the explants arrived as nunawous 
small pieces (Fig. 10). Consequently, it was impossible to 



locate the specific damaged zones, particularly when the 
outer shell was usuaUy missing. j a- 

Saling of the Lygefon* ligain«mt mvolved the deve^ 
opm^f a thick collagenous external capsule, whidi 
^^ually grew thicker as the duration of tbe mip^^ 
ti^n incr^However, even after 3 yrs of mffent^o^ 
the coUagenous tissue did not penetrate 
Vernal woven sheU and the first internal woven nbbon 
ff^ 11) 4e moderate, chronic inflammatory reaction 
S fo^d to be similar to that of the otbet polyester 

fiber, with bushy ends wer. ^und .'rfdmi^e 
runtured regions. Fibers exhibiting axial sphttai^ and 
pSSig were common to aU of the prostheses. 
suggestinTthat both flexural fatigue and suifece abrasaon 

SSSbuted to the failure CFig. 12). As seen from ti« 
sSSt* and the Proflex^ grafts, there was no evidence 
o?dSoration due to abrasion between tbc ou^eU 
and the internal ribbons, and in fact the extent of damage 

"I^S^lifSi* prostheses -ehivar^^^ 
reSJed i?^e single piece (Fig. 13). In all four«ses. to 
Sdugh-the-condyle surgical technique has been us^ 
Stologicafly. the SEM» Ugament exhibited good 



19/28 • RCVD AT 8/4/2006 4:34:15 PM lEastern Daylight Time] * 8VR:USPTO^XRF-1/9 • DNIS:2738300 • CSID:8568101454 • DURATION (mm-ss):24-08 



08/04/06 17:02 FAX 8568101454 



LICATA & TYRRELL 



©020 



2466 



■ ) { 

J {. ■ ■ : ^ 

M..F. OuidoOi ei aL / BionuiUriab 21 (2000) 2461-2474 




DuraUon of implantation 

Ftg. 3. Doratian of implantaaon for tho augmentation and leplacenMit devices 



^tion of implantation for ACL Ugainentous prostbes«M made from 
polyester fibers 



Comnieicial naitie 



Duration 
(months) 



Strykei** 
Profleoc* 
Lygcron* 

ABC SuiEicraft*PBT 
SEM* 

ABC Surgicraft* PBT/C 



44.7 ± 33.4 
24JZ ± lis 
36.1 ± 27.7 
31^ ± 21.1 

59.3 ± 1L2 

27.4 + 16.8 
18 



Nximber 


- Number 


received 


datas 


28 


19 


22 


16 


13 


9 


7 


4 


7 


3 


6 


5 


2 


1 



encapsulation with penetration of collagenous tissue 
limited to the external braided shell only. Within this 
tubular structure, the infiltrating tissue was responsible 
for cansiag some yaiii fraying and the separation of 
individual fibers (Fig. 14). A discrete chronic inflammat- 
oiy response was noted Fibers with surface peeling, 
caused by yam-on-yam and/or yam-on-bone abraaon, 
were frequenUy observed. The presence of ajoal sphttings 
was also noticed, suggesting flexural and/or rotational 




^OD and the segment insetted in the tibial tunnel. 



fatigue, and, in some sections, flattened fibres were also 

l£t^. Tl.e ligastic^ ^^T^^l^ 
ceSS in either one or several pieces. They had been 
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Fig. 5. Ugbt photomicrograph of a cros^ectioo of fj""^ 
l^to p««th«is after 43 months of unplantahon showmg dense 
S^^n^oonageoou, tissue in the eternal 
^a«^n of the knitted stnictuie into individual fibers (xl25). 



iitiplanted using both the over-the-top and the through- 
techniques. Tlie cause of explantaton was 
total mptuiB, which invariahly occurred in the intra- 
articular zone. The sheU layer was not avadable for 
anumber of segments. The failure zone was charactered 
by the presence of fibers with bushy ends. Some surface 
peeling was also observed. 

This particular device was manufactured m two differ- 
ent designs. The first, containing only a PET kmtted 
structure, was an augmentation device, whereas the sec- 
ond, with its polyurethane outer shell, was deagned to 
serVeas atotal ACL prosthesis. Only one out of the seven 
retrieved prostheses contained a polyurethane shelt 
which was surrounded by a thin collagenous capsule and 
which prevented the infiltration of tissue into the mtemal 
knitted structure. For the other six explants, the amount 
of external encapsulation was unpredictable, usuaUy ttan 
and occasionally absent The coDagenous tissue wtach 
was neither dense nor compact, infiltrated readily 
between the yams and fibers of the knitted structure and 
easily reached the central core of the HgamentAgam, the 
inflammatory reaction was chrome and moderate. 

ABC Suracn^ PET. These prosthetic hgaments were 
implanted using the over-the-top technique. They were 
received in one piece if their removal was not due to 
breakage, and in twoTJieces if the device had mptured 
fFie. 16) Failure invariably occurred proxnnal to tne 
tibSl condyle, and. the damaged fibers in this zone were 
characterized by the presence of bushy ends 

The histological study revealed that the ABC Sur^- 
craft* PET prostheses were well encapsulated by col- 
lagenous tissue, which penetrated to the core of the 
liMment between the 24 separate braids. Most of these 
prostheses also showed that the tissue was responsiblefor 
separating the yarns within a braid, but not the fibers 




Fi^ 6 S«mnin8 electron oikrographs of the Po'^^l ^J?!^ ^"J, 
r^n^ted Strvker ligaments after cleaning. The iibets were 
different explanted S^yKer niotured due to surface abrasion 

Z al»o observed within the core of the ligament (C^IZOO). 



Within a yam (Fig. 17). The inflammatory r«PO°^f 
rS^te and chronic, with macrophage and giant cells 
in contact with the fibers. . 
Se SEM examination identified fibers with axid ^ht- 

tirTand surface peeling which P^^^-'^'y ^.^^'^^^^^ 
rotational and flcxural fatigue and from surface abrasion. 
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Ffe 7 Macroscopic view of one «ipl«nted Profl« Bgameot (89!ig024 
Ster 32m^«of impl^ntatioii. TUc break ooc«r«d a die eentnU 
of^" ^^l'-^ the section of prosthesis m the femoral 
condyte Oeft) vza ruptured into two pieces. 





Fig. 8. Light photomicrogiaph of a cross-section of an tTji^t^ Prof- 

37 month, of implaataticn. Hie 
S external surface of this multilayered structni. ts ^^afff ^^^^ 
Infiltration of collagen (Q causing erpansion and separatoon of 
the polyester yams into individual fibers (xl25> 



An excessive amount of surface peeling was observed 
among fibers near-the fixation points. 

ABCSurgicrc^PETia Both the tbrougb-the-condyle 
and the over-the-top techniques were used for the un- 
plantation of this device. With a limited number of speci- 
^ fn = 2). no conclusion could be made as to the exact 
zone of breakage nor to the heahng sequence of th^e 
explants. The ruptured zone was charaacnzed by the 
prLnoe of fibers with bushy ends. The presence of sur- 
face peeling was also observed and may result from 
yain-^-yam or yam-on-bone abrasion. This surface ab- 
Sdon. as with the ABC Surgicrafl* PET hgament, was 
more pronounced near the fixation pomts. 



P1^9. Scanningelectronmicrograp.^of«^^^^^^^ 

after cleaning The ruptured bundle of fibers 

i3edb7«te«ivcfla«enmjanda^^^^^ 

in the center of the ''8»"'=°* ^"'"j'^ Multiple axial split- 

s^rxi^:^ " c^rr^^f p^os.he»s 

^yTdoced by flatural and torsional fatigue (C: xlOO). 



? « 7 Hieh-Derformance polyethylene (PHP) ligaments 
'■^i^Z ?S Tgamel. Six braided PHP ligaments 
w^^ reSved in fither one or two pieces. They were 
SaTted between 1987 and 1991 for an avera^<»-^ 
tion of 21.5 ± 3.5 months (n = 2). Four of them were 
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Fig 10. Macroscopic view of a Lygcron ligamcot (891i«012) aft« 25 
monuls of implantatioa showing multiple break zones which ate diffl- 
cult to reconstruct. 




Fig. 11. Ugbt photomicrograph of a cross-3«tion oT an <^^l^ 
S^roD prShL after 25 months of implantation showmg thedeve^ 
S^Tor^ collaecnous external cap»l» ^ ^^^^^.^ 
^ly the first two woven layers of the multilayeied stnicture (xl25). 



implanted using the through-the-condyle techmquB. One 
prosthesis was explanted because it ruptured at the exit 
to. the femoral tunnel The other five were excised due to 

^'SScal examination revealed that the braided PHP 
Hgaments were encapsulated by thick collagenous ttssue 
Which parUy infiltrated the outer layers of the prosthesis. 
This coUagen infiltration caused an expansion and s^ar- 
ation of the multifilament yams into mdmdual fibers. 
A moderate, chronic inflammatory response was ob- 
served with numerous macrophages and giant ceUs. 

Fiber wear morphology included evident of surfa^ 
peeling, probably due to surface abrasion and axial q)Iit- 
ting, likely caused by flexural and torsional fatigue. How- 
ev«l it should be noted that the amount and extent of 
damage was limited. 




F,> 12. Scanning electron micrographs of polyester fibers taken from 
noted (B:x 780). 




K£ 13 Macroscopic view of an explanted SEM P'«"«^^f 

X n i^,Xof fmplantation showing several exposed and abtaded 

areas with signiHcaDt tearing and frayiog. 

JtocAe/* or knitted PHP ligament Six explanted Ras- 
ch^PHP prostheses with an average implantation time 
of 15 6 ±9.6 months were examined. Four of them were 
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Kh. 14 Light photomicrograpli of a ooss-scctioia °f . 
^pr<^teislSter 11 months of implanlatiaiu The cxteniallayer^ 

separated individual fibers (j<125). 



implanted using the through-the-condyle techmque.^d 
aU foux were explanted due to rupture (Fig. 18). Ito- 
tologicaUy. the devices were encapsulated by thin col- 

S^STtissue without any ^^&^V^}'^Trr^l 
^ structure. A discrete to moderate^ chronic inflamma- 
tnrv response was noted. 

The SEM examination demonstrated that there were 
few Signs of deterioration, except at the Station pomts, 
where Acre was evidence of shear stress. In some areas, 
there was some surface peeling, and some t^t^&h^ 
but overall there was little evidence of wear damage. One 
SLjorlroblem reported with these PHP devices was 
synovitis. 

33 3 Expended PTFE ligaments ^ ,- 

Go^e:fi ligament TTiree braided Gore-Tex« h^- 
m^ts implant^ for an average of 31.6 ± 2^8 months 
(° = 2) were installed using the throu^-the-condyle 
Schnique between 1987 and 1988 and ex^nted follow- 
L rupture in the intra-articular zone (Tig. 19). His- 
tological observations revealed that loose collag«ttous 
Ssue surrounded the Ugament and penet^ted be^^een 
individual fiber. (Fig. 20). The ^^'^'^^^^^^^ 
tion was limited to the periphery of the device. This Qr* 
of prosthetic ligament showed no evidence of an inflam- 

The SBM showed evidence of axial splitting and some 
flattened fibers indicating that the failure mechamsm was 

associated with flexuial and rotational fatigue. 

3 34 Pohmylamide ligaments . 
%aid^ament. The Ugaid* ligaments w«e exosed 
after an average implantation penod of 18-7 ± 5-{ 
months (n = 3). One of these explants had been "Dstalled 
augmentation device, and the other three had been 




SBM ptosthew after cteamng ''^'^f ° " Some fibers also experi- 




niptuic in the intra-articuIar region with severe nay s 
structure. 

used as ACL replacements. All of them were received 
ltr2pl£es.Twoofthembadbeenimplantedbyu^^^^^ 
the through-thc-condyle techmque. There are no 
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Fig. 17 Light photonucrogniphofacroswecaM 
liSdaaft PET prosthesis after 48 months of implantataon. The o^^ 
originating 6om a thick '^^^t,^^. 
i^en the braids wul occasionally between individuaJ fibers (arrow). 
?^r.^terial observed within the braids was an anorphous 
proteinaceous across substance (x62). 



reported failures due to rupture among all four Ligaid® 
Sments. The healing of the prosthesis showedgood 
S encapsulation mtb coUa^m penetrating between 
SJyams ^d individual fibres (Fig. 21). The inflamma- 
S^^csponse was discrete. Exanunation of the deaned 
structurfeby SEM showed no signs of damaged fib^s; m 
fco^ the prosthesis and internal ribbons appeared to be 
well preserved. 




18. Macosoopio view of - t^J^^J^^^^S^"^* 
P01ig019) after 6 months in vivo. It had ruptured mtoseve p. 



4. Discasaon 

In the present study, 117 ACL grafts w«e exa^cd 
afSanaJerageimpIantationttoeof 22 ± 13monthsfor 

augmentation devices and 33 ± 25 months for the 
replaownent prostheses. After leviewmg the patiente 
SErepo,^. we were particularly mterested mesteb. 
Ushing whether the causes and m^^anisu^f feilure 
were die same or different for the different ^ of ACL 
pStTeses. We have found some similarities tiiat may 
SS^t common mechanisms for the loss of mtegrity of 
tte^ons structures and failure of the hgamentoplasty 
First, there is no correlation between the duxaUon of 
fanplanlation and the degree o^^'^^^'^^f^^^^ 
ideal prosthesis has not only to be accepted by the body, 
but ako has to promote collagen development, matura- 
tion, and oiientotion in and aromid the Prosthesis m 
oSr to reproduce as closely as possible the natural 
XcL All of the ACL prostheses acamined histolopcaUy 
were infiltrated by coUagen to different degrees. For Ae 
more porous knitted and braided strucmres. snich^ Ae 
slryker*. Ugastid», ABC* and Ligaid* pros^eses. the 
cSSnous tissue jUnetrated to the center of the device 
whSs for the Proflex* braided PHP and Raschef 



Ltitext^sheU,butno^P^atm6t^^^^ 

S^PTFE grafts have been shown to erfubit ^ m- 

tion into the interior of the structure_ g^^^^ 
In several of these ACL prostheses (Proflra''. ^^T* 
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■ Yin. 19 Maaoscopic of an «plaated Ooretex P^"^*"" 

^A^^^ » i-tra-articulax zone with agmficant 
tearing and fraying of the Ugamentoos stroctuis. 




F5g. 20. Ught photomicrogiapli of a cross^on of «Plan^ 
^rete* prortbL, after 22 months of imptaataucm djowing a lo«e 
SdaSlnlar coUagwious tissue which penetrated between the PTFE 
fibers (P) (x62). 



be more like accumulations of random scar tissue 
tween the fibers rather than weU-onented coUagen fibers 
capable of withstanding high mechanica^ loads. Even for 
those prostheses with good coUagen infiltration, the coU 
laLi structure itself didnot appear to be weU orgatiiz«i 
and unifonnly oriented Uke that formed in natural hga- 
m^ts. Some studies have shown that these prostheses 
are colonized by type IV collagen, an nmnature collag^i 
which does not provide any 

reinforcement to the synthetic hgament [27.2SG. As a 
result, this type of collagen infiltration may be more 
d^ental tiban beneficial to the hiostability and bio- 
endurance of these devices. 

A «>coud cau«» foi Iho ubscived failuie and ruptuie 
zones was the yam-on-yam and yam-on-bone abrasion 




gSf^iSc&coustissueCQbctweeotheya^andfi^ 
of this thin ligamentous structure (xl25). 

u This tvlje of abrasion is characterized by 

phenomena. This type oi ^^^^^^ 

surface peeling of the fib«j ^he 
?;^on* ^rKennedy-LAr>« devices -^^^^^ 

condyle. f^^^^^^^^V or through-th<>^ndyle 
mg on whether damage were ob- 

drf. PHP »d Me"''* „ a,« bau« or acl 

A third mechanism contabutmg w i*** „tfj„„ 
pr^s?«es^as fl«ural and rotational ^f^^^^ 
from retxsated flexions and extensions of the knee, l his 

ss^^ ACL p7^i:.Ti.c ^2rr,^s^ 

theses was invariably mcomplete, me nssuc w 
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. . A r.r.T Hill it provide any mechanical support or 

work theiefore needs to focus on a numbe' of 
; J« standardized surgical protocols that 

Z£ ^ncentratioBS at fixation pomts and 

Zt tedSdie vride variation in abrasion and loading 
SLi "^cS^on of new Womateriab that give a 
SaHchronic) inflanimatory n^-e; and d^dop. 
S of tissue engineering techniques that generate 
ZLtS orienSdand integrated tissue co^posrte 
^at ^^^tribute to the load bearing capacity of 
thtf device. 



S Conclusion 

We have identified a number of different lAenorn^ 
th Jcontributed to the failure of ACL prosthes^. Ite 
teSirsS^rture of the device and the surgical technique 
SforlS^tion both appear to play a major role 
SSfluendng the healing r«ponse and the ^YPe a^mo^ 
t^ehabilitated knee joint, as wdl as detennm- 
STac loag-term success of the ACL ligameatoplas^^- 
^Se^e^ost common mechanisms of failure mvolved 
Si^eq^te abrasion resistance of Ac yaims against 
;;!wves and osseous surfaces. (2) flexural and tor- 
J^l^i fibers leading to a^ splitting, and 
S>S3lchanges and loss of integrity of the h^en- 
oKSSscs dJe to unpredictable tissue mffltnUion. 
^^^provements lie in the development of ^ova. 
SSXgi<Jl techniques for implantation combmed witti 
^toSSw concept for the biomaterials and prosthetic 
«tSSie XSwiU provide abrasion resisUnce and pro- 
rt^rrompSely healed and oriented tissue engmeercd 
device. 
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